The study is a case-control analysis of whether depression impairs physical and cognitive functioning and quality of life, and whether there is a relationship between nutrient deficiencies and these adverse changes. Patients and methods: A total of 130 older subjects participated in the study: 65 with diagnosed depression (16 men and 49 women) and 65 age-and sex-matched controls without depression. All patients underwent comprehensive geriatric assessment. Nutritional state was assessed with the Mini Nutritional Assessment, cognitive performance was evaluated by the Mini-Mental State Examination and physical functioning by the Timed "Up & Go" test and handgrip strength. The pattern of consumption of various nutrients was analyzed in detail. Results: The differences in cognitive functioning observed between the groups were related to specific nutrient intake, as was handgrip strength to some extent. The differences in nutritional status, several functional tests and muscle strength were related to both the presence of depression and inappropriate consumption of certain nutrients.
Introduction
Depression is one of the most challenging problems faced by an aging population, with around 350 million sufferers worldwide, according to World Health Organization (WHO) estimates. 1, 2 Moreover, by 2020, depression will have become the most common mental disorder, and the second most serious disease in the world after cardiovascular diseases. 3 This problem is particularly exacerbated in postcommunist countries like Poland. The PolSenior study found that the prevalence of depression increased with age, with every fifth person in the 55-59 year old group being affected, rising to one in four in the 65-79 year old group and one in three in those aged 80 or over. In addition, depression was more common in women than in men in all age groups. 4 Depression affects the functioning of the individual in society and, above all, determines the state of health and the quality of life (QoL). 5, 6 Bearing in mind the changes that occur in the body and the mind with age, the incidence of depression may further accelerate and Proper nutrition is a cornerstone of preventive gerontology and curative geriatrics, especially in the case of multiple concomitant diseases. 9 Poor nutrition is associated with a greater chance of the occurrence of many diseases and adverse health outcomes, such as sarcopenia, frailty syndrome and disability. Nutritional health is an essential component of QoL among older adults. 10 A great deal of attention has recently been paid to studying the influence of nutrition on QoL for older people. 11 It has been suggested that existing healthy eating policies will generate additional benefits for health and well-being, and that correct diet should be considered as a potential target for the prevention of depressive disorders. 12 Many studies have examined the association between the prevalence of depression and the consumption of particular ingredients and dietary pattern. Although no firm conclusions can be drawn regarding the influence of dietary patterns on the onset of depression and the course of the disease, there are indications that this may be the case. [13] [14] [15] As there are few detailed assessments of the nutrients that may contribute to the development of depression and its functional consequences in an older population, the aim of this study was to investigate, using a case-control design, if the presence of depression impairs physical and cognitive functioning and QoL, and determine whether a relationship exists between nutrient deficiencies and these adverse changes. Better knowledge of potential nutritional deficiencies may determine directions for further research, and contribute to the formulation of dietary guidelines for older people suffering from depression.
Subjects/study population
The study was conducted from May 2013 to April 2015 with the participation of patients treated in the Outpatient Geriatric Clinic of the Medical University of Lodz, Poland, who volunteered to undergo comprehensive geriatric assessments and detailed dietary analyses. The inclusion criteria were as follows: oral feeding, ability to communicate verbally and consent to participate in the study. Patients with severe dementia, those receiving enteral nutrition or those using any dietary supplements of vitamins and minerals were excluded from the study. Furthermore, patients with acute or severe somatic conditions, such as infections, acute or severe chronic inflammatory diseases, progressive malignant diseases, severe renal disorders, recent myocardial infarction or stroke, or any important disability hampering participation in functional testing, were excluded from the study.
Of the group of 350 patients with diagnosed depression, 102 met the inclusion criteria and 65 (16 men and 49 women) volunteered to participate in more detailed analysis. All the patients were aged $60 years, with unipolar depression diagnosis based on the International Classification of Diseases 10th revision criteria. A case-control model was used for the study. An age-and sex-matched subject without depression who also met the inclusion criteria was consecutively recruited to match each patient with depression. The 65 patients without depression who comprised the control group volunteered to participate in the detailed assessment. All controls were receiving treatment in the Outpatient Department of Geriatrics when they were recruited.
Methods
All subjects underwent a comprehensive geriatric assessment lasting approximately 3 hours, evaluating physical and cognitive functioning, nutritional status and QoL. The assessment also addressed demographic and social variables, smoking habits and sleep duration, expressed as number of hours per week. Falls were retrospectively registered for 1 year before the examination and were coded as "no fall" vs "at least one fall" during the previous year. Height, body mass, waist and hip circumferences were measured. Body mass index (BMI) was calculated as weight in kilograms divided by the height in meters squared. Waist to hip ratio was calculated as waist measurement divided by hip measurement. Percentage of body fatty tissue was analyzed using the four-skinfolds method. 16 Physical disability was evaluated by the Activities of Daily Living (ADL) 17 and the Instrumental Activities of Daily Living (IADL) scales. 18 Mental functions were assessed by the Mini-Mental State Examination (MMSE) 19 and the 15-item Geriatric Depression Scale (GDS). 20 Nutritional state was assessed using the MNA questionnaire (Mini Nutritional Assessment). 21 Physical functioning was evaluated using the Timed "Up & Go" (TUG) test 22, 23 and handgrip strength.
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Physical function measures
The TUG test is a simple test used to assess mobility which requires both static and dynamic balance. The time that the patients needed to rise from a chair, walk three meters, turn around, walk back to the chair and sit down were measured. During the test, the subjects wore regular footwear and used any mobility aids that they normally require.
Handgrip strength was tested using a Jamar hydraulic hand dynamometer (Sammons Preston Rolyan, Bolingbrook, Canada), which measures isometric force to 90 kg. Previous studies have indicated that the measurements are influenced by the position of the subject, ie, lying, sitting or standing. 
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Inappropriate nutrients intake is associated with lower functional status As better results have been found with the test subject in a standing position, all subjects carried out the handgrip strength test while standing with shoulder adducted and neutrally rotated, and with the elbow in 90° flexion with no radioulnar deviation. One-minute rest periods were given between each attempt, and hands were alternated to minimize fatigue effects. Handgrip strength was measured twice on both sides with pauses between measurements. The best results of each hand were summarized and average strength was calculated. Results were recorded as kilogram force (kgf).
Cognitive function and emotional status assessment
Cognitive function was evaluated using the MMSE, which uses six groups of tasks to assess the level of functioning of basic psychological processes such as orientation in time and place, memory, attention and counting, recall, language function and constructional praxis. The MMSE scores range from 0 to 30, with higher scores indicating better cognitive functioning.
The emotional status of the participants was evaluated using the 15-item version of the GDS, characterizing the state of being of the subject in the previous two weeks. The GDS contains 15 "yes" or "no" questions characterizing the depressive status of the respondent. The raw scores range from 0 to 15, where a higher score indicates deeper depression.
QoL measures
QoL was assessed with the Euro 5D questionnaire (http:// www.euroqol.org). It is a widely used and validated generic instrument with five dimensions: mobility, self-care, usual activities, pain/discomfort and anxiety/depression. 25 Each dimension has three levels: no problems (no limitations), some problems and severe problems. In addition, each subject was asked to describe his or her overall actual health state using the Euroqol visual analog scale (VAS), where zero denotes the worst imaginable health state and 100 indicates the best imaginable health state.
Malnutrition assessment
The nutritional status was assessed by the MNA questionnaire, which contains 18 questions relating to essential elements of nutritional status, such as food intake, loss of body weight, the ability to move around independently and the occurrence of acute disease or stress, as well as neurological problems, BMI, number of medications and arm and calf circumferences. The total number of points in the MNA questionnaire is 30. A result .23.5 is treated as a satisfactory nutritional status, while a score #23.5 suggests malnutrition.
Dietary assessment
Twenty-four hour recall questionnaires were used to register the intake of food and beverages during the preceding day. The questionnaires were administered by qualified investigators. The energy and nutrients intake was calculated using Dieta 5.0 software (The National Food and Nutrition Institute, Warsaw, Poland) which analyzes the energy intake coming from protein, fats and carbohydrates as well as the consumption levels of 84 nutrients. 26, 27 To minimize the error resulting from recall bias and misreporting, respondents were asked to draw up a preliminary list of foods consumed on a given day at home. Then, during an interview, trained personnel carried out a detailed analysis of consumption, clarifying the time of consumption, form of the product, used additives and portion sizes (based on photo album provided by the Polish Institute of Food and Nutrition). The interviewers were instructed not to judge the respondent's diet verbally or non-verbally. Attention was paid to specify the size of portion consumed, not the portion served on a plate. In case of any doubt, the caregiver or family member of the respondent was consulted.
In order to identify the nutrients and sources of energy which may be related to the status and functioning of people with depression, the levels of consumption of various nutrients were compared. In addition, the components whose consumption significantly differed between the two groups were identified and their nutritional density per 1,000 kcal calculated. The relationship between the individual test results and the level of consumption of selected nutrients, as well as the presence of depression was then analyzed.
Statistical analysis
The results were verified for normality of distribution and equality of variance. The one-way analysis of variance (ANOVA), Mann-Whitney test or chi-square test were used to compare the groups. Euroqol 5D dimension data were dichotomized ("no problems" vs "any problem") for statistical analyses. Effect sizes based on Cohen's d were calculated for nutrients that were significantly different between the two groups. An effect size of 0.2 to 0.5 was suggested to represent a small effect, 0.5 to 0.8 for a medium effect and .0.8 for a large effect. Nutrients and functional measures that were significantly different between the two groups in bivariate associations were further used for multivariate comparisons. As nutrient data were not normally distributed even after transformation, the data were divided into groups above or below the median value for multivariate comparisons. The two-way ANOVA was used to assess both the effects of group affiliation and selected nutrient levels on dependent functional variables. TUG was log transformed to obtain a normal distribution. Because IADL and MMSE were not normally distributed even after transformation, they were categorized as above or below the median, and logistic regression was used instead of two-way ANOVA.
Statistical analysis was performed using Statistica 12 CSS software. The results of the quantitative variables are presented as mean ± standard deviation or median. The limit of statistical significance was set at a P-value of less than 0.05 for all analyses.
Ethical considerations
The study was approved by the Ethics Committee of the Medical University of Lodz (RNN/863/11/KB dated December 13, 2011) and written informed consent was obtained from all subjects.
Results
groups characteristics
The general characteristics of the two groups, and their physical and cognitive status, are presented in Table 1 . Patients with depression were found to have a lower educational level. There were no significant differences in anthropometric assessments between the depression and control groups. The prevalence of diseases was comparable in both groups, although a higher prevalence of ischemic heart disease was found in the depression group. The depression group was also characterized with lower IADL, MMSE, MNA and handgrip strength and higher (worse) GDS and TUG tests. Falls during the previous year were also more common in the depression group (Table 1) . 
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The analysis of the dimensions of the QoL revealed that subjects with depression more commonly reported mobility (P=0.003), self-care (P=0.017) and anxiety/depression problems (P=0.0008). Reported usual activity and pain/ discomfort problems were comparable between both groups. As expected, older adults with depression had significantly lower scores on the VAS (P=0.013): 59.51±21.2 than those without depression: 69.03±20.3 (Table S1) .
nutrient intake
The level of energy intake did not differ between the groups but the energy itself was obtained from different sources ( Table 2 ). The members of the depression group consumed less energy from protein and more energy from sucrose. Several differences were also found in the amounts of macronutrients and micronutrients, with the depression group consuming less alanine aspartic acid, fatty acid 20:5 (eicosapentaenoic acid [EPA]), fiber, niacin and vitamin B6. In contrast, they also demonstrated a higher intake of fatty acid 12:0, sucrose and retinol. The calorie to dietary fiber ratio was also higher. Effect sizes for changes ranged from small to large according to standard criteria. 28 Detailed information is presented in Table S2 .
In order to determine whether the differences in the absolute intake are equally relevant to nutrient density, the content of nutrients that was significantly different between the two groups was recalculated per 1,000 kcal. Subjects with depression presented lower nutrient density for alanine, aspartic acid, EPA, dietary fiber, niacin and vitamin B6, while a higher nutrient density was observed for sucrose. No significant difference was observed for fatty acid 12:0 or retinol (Table S3) .
simultaneous assessment of group affiliation effect and selected nutrient intake on physical and cognitive functioning of investigated groups Table 3 presents the relationships obtained between functional measures as dependent variables, and group affiliation and selected nutrient levels as independent variables. Only those nutrients and functional measures that were significantly different between the two groups in bivariate associations are presented. GDS, falls and the three dimensions of the Euroqol 5D questionnaire (mobility, self-care and anxiety/depression problems) were related only to the depression group affiliation in multivariate analyses and are not shown in Table 3 .
A higher percentage of energy obtained from protein, a lower percentage from sucrose and a lower absolute intake of sucrose were associated with better indicators of MMSE, IADL and TUG (Table 3) . A higher intake of the amino acids alanine and aspartic acid was linked to better (lower) TUG results and higher average handgrip strength. Higher fatty acid 12:0 intake was associated with the poorer IADL, MNA and TUG results, while higher EPA intake was related to a better MNA score. A higher intake of dietary (Table 3) . No significant interactions were noted between group affiliation and selected nutrient intake. Three types of relationship were observed between nutrients, the presence of depression and dependent variables: either only the level of nutrient intake was significant and depression was not associated with functional/mental status (Figure 1 ), or depression differentiated the results but the level of nutrient intake was not significant (Figure 2) or the results were related to both group affiliation and the level of nutrient intake ( Figure 3 ).
Discussion
A key novel aspect of this study is that it analyzes in detail how observed differences in nutrition may be related to physical and cognitive functioning, nutritional status and the QoL of older people with depression as compared to their non-depressed peers. Our results indicate that differences in cognitive functioning (MMSE) between the groups, and handgrip strength to some extent, may be qualified as purely dependent on specific nutrient intake, as inter-group disparities disappeared after adjusting for nutrient intake. Therefore, increasing the intake of specific nutrients may improve cognitive functioning and muscle strength to a similar extent in both groups, regardless of the presence of depression. The differences in functional and nutritional status noted by IADL, MNA, TUG and the muscle strength tests may be ascribed to both presence of depression and inappropriate consumption of given nutrients. Therefore, by improving nutrient intake, the depressed subjects may move toward better nutritional status and the functioning level of non-depressed individuals. Finally, several aspects of functioning may be attributed only to the presence of depression: GDS, fall incidence and QoL (with the exception of "calories to dietary fiber ratio -VAS relationship") were 
Notes: ↑ higher nutrient intake related to higher score; ↓ lower nutrient intake related to higher score; a -depression related to lower score; b -depression related to higher score. 
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Inappropriate nutrients intake is associated with lower functional status worse in the depression group with no apparent relationship with nutrition. The dietary components associated with worse functioning of people with depression are a low percentage of energy from protein and a lower intake of amino acids. Protein is an important part of the diet of older people and the ESPEN (The European Society for Clinical Nutrition and Metabolism) Expert Group recommend an optimal intake of at least 1-1.5 g protein/kg body mass per day, 29 with protein as 15%-20% of total energy intake for healthy older adults. 30 Only 28 (43%) of our patients with depression and 44 (68%) of the control group obtained more than 15% of their energy from protein sources. A consequence of inadequate protein intake is a negative nitrogen balance and the decline of protein levels, especially that of skeletal muscle proteins. 31 In our study, a higher percentage protein intake was associated with better functional and cognitive status. Consumption of alanine and aspartic acid was also lower in depressed subjects, and this had a clear effect on TUG results and handgrip strength. A review by Cawood et al indicated improved handgrip strength as an effect of high-protein multinutrient oral supplements 32 and another study found older subjects performed better in the TUG test after protein-energy supplementation. 33 Interestingly, in the present study, both the percentage of calories obtained from protein and total alanine and aspartic acid consumption were found to influence functional status (IADL and TUG) independent of the presence of depression, with depressed subjects presenting both lower protein consumption and lower function. Therefore, increasing the consumption of alanine and aspartic acid and the percentage of energy obtained from protein may similarly improve functioning, but in the depression group these associations are shifted toward lower functional levels. A better MMSE score was associated with higher protein intake in both groups, which may be related to the fact that the intake of the two amino acids, as well as protein in general, can affect brain functioning and mental health. Many of the neurotransmitters in the brain are made from amino acids. 34 Another dietary pattern associated with depressive symptoms that is becoming increasingly common among the elderly, is the consumption of diets with higher levels of sucrose, and of diets with a higher proportion of energy obtained from sucrose. 35, 36 In the present study, only 16 (25%) patients with depression and 31 (48 %) in the control group consumed less than the recommended 10% of sucrose. Such high sucrose intake was inversely associated with physical (IADL and TUG test) and cognitive function. Our findings are concordant with those of Ye at al, who observed sugar intake to be inversely associated with MMSE score in a group of middle-aged and older subjects with a mean sucrose intake of 46.7 g per day and MMSE of 23.7. 37 This association may probably be attributed to reduced memory function. In the longer term, high sucrose intake is a risk factor for obesity, metabolic syndrome and type 2 diabetes. Those disorders are risk factors for cognitive impairment. Similarly, Cao at al found that long-term consumption of sucrose-sweetened water induced insulin resistance and exacerbated memory deficits in transgenic mice. 38 In our study, as for protein intake, sucrose affects IADL and TUG in a comparable manner in both groups, with the depression group being at lower functional levels.
Our findings demonstrate that a low fiber intake and high calorie to dietary fiber ratio is associated with a significant negative impact on health. These are typical determinants of an unhealthy Western dietary pattern which indicate the consumption of highly processed foods, and a diet low in fruit and vegetables. Dietary fiber consumption is an important factor that influences microbial composition in the gut, promoting a shift toward different types of "beneficial" bacteria and inhibiting the proliferation of pathogenic bacteria. 39 Dietary fiber also lowers the glycemic index, provides a moderate but lasting effect on brain chemistry, energy level, mood and memory. 40, 41 Our data indicate that insufficient fiber consumption may contribute to lower functioning, worse nutritional status and even poorer QoL. Depression may aggravate those conditions by moving functional status -nutrient intake associations toward lower level of functioning. It should be pointed out that the recommended minimum daily amount of 20 g of fiber 42 was consumed by only 22 (34%) subjects with depression and 31 (48%) controls, and the relevant calories to fiber ratio of less than 108 kcal/1 g 43 was achieved by 32 (49%) depressed and 49 (75%) control subjects. In light of our research, fiber seems to be one of the key factors potentially able to improve the functioning of older people with depression. A high calorie to dietary fiber ratio indicates a low quality diet. This index was also adversely associated with MNA, QoL expressed as VAS and MMSE.
In the present study, EPA intake was lower in the depression group and was positively related to MNA in both groups. The protective effect of fatty acid EPA on the incidence of depression has been a frequent topic of research. [44] [45] [46] [47] While supplementation attempts have generally not been successful, 48 a diet rich in EPA, a primary source of which is fish, is known to have a favorable impact on depression. However, in the present study, more than half of the depression group had not consumed EPA at all during the previous 24 hours.
The inverse relationship between lauric acid 12:0 intake and the results of the IADL and TUG tests may be related to the fact that it is a cholesterol-elevating (cholesterogenic) saturated fat. Lauric acid raises both high-density lipoprotein and low-density lipoprotein levels. A study conducted in Sydney showed that intake of saturated fat reduces the anti-inflammatory potential of high-density lipoprotein and impairs arterial endothelial function. 49 A poor quality, unvaried diet characterized by higher lauric acid intake may also lead to a lower MNA score. Similarly, a negative association was found between retinol intake and MMSE, which has been associated with high consumption of saturated fats of animal origin, known to be responsible for lower cognitive function. 50 A low niacin intake was associated with lower cognitive status, with only 27 people in the depression group consuming the recommended dietary allowance level. 42 A similar association was presented by Morris et al, 51 who report that dietary niacin may protect against Alzheimer's disease and age-related cognitive decline. This is probably a result of the fact that niacin plays important roles in DNA synthesis and repairs, myelination and dendritic growth, cellular calcium signaling, and may act as a potent antioxidant in mitochondria in brain tissue. 51, 52 Some better physical test results were associated with higher intakes of niacin and vitamin B6, which take part in carbohydrate, fat and protein metabolism, play a role in the synthesis of sex and stress-related hormones and enable the proper functioning of the nervous system. Additionally, dietary vitamin B6 status is probably a determinant of the concentration of carnosine, a dipeptide associated with skeletal muscle performance.
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Strengths and limitations
The key strengths of the present study are its careful recruitment procedure and the homogeneity of the study groups. However, some limitations should be acknowledged. First, it is a cross-sectional study with a relatively small sample of participants. Effective verbal communication was an inclusion criterion and patients with severe dementia or terminal illness were excluded. Although several procedures have been implemented to minimize the risk of errors, the 24-hour recall questionnaire has its own limitations, such as misreporting and recall bias. The present analysis did not apply any additional statistical or biomarker methods, such as the use of double-labeled water or nitrogen in the urine analysis to verify the declared energy and nutrient consumption. Finally, although the obtained results may apply to Polish or Central-European populations, they may differ from those of other populations and cultures in and beyond Europe, and so caution should be exercised in data interpretation, and our findings should be confirmed by further prospective studies. Future controlled trials should focus on the nutrients associated with worse tests results. 
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Conclusion
We conclude that inappropriate intake of selected nutrients may contribute to lower functioning and worse QoL in older adults with depression. Identified nutrients include insufficient consumption of protein, fiber, EPA, niacin and vitamin B6, and excess intake of sucrose. These findings should be translated into designing dietary plans for individual patients to address these nutrient deficiencies. Therefore, nutritional recommendations should emphasize the consumption of less processed products, and limit the intake of sugar, saturated animal fats and palm oil, as well as including products that are a good source of vitamin B6, niacin and EPA.
Inappropriate nutrients intake is associated with lower functional status Abbreviations: BCAA, branched-chain amino acids; LCPUFA, long-chain polyunsaturated fatty acids; MUFA, monounsaturated fatty acids; PUFA, polyunsaturated fatty acids; SD, standard deviation; SF, saturated fatty acid; NS, not significant; ALA, α-Linolenic acid; eq, equivalent.
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